INTRODUCTION
The higher safety coefficient, which is frequently used in the design of the construction machinery track structure, causes low material use efficiency and needless waste. Box girder is very common structure part of the track crane, thus the optimization for the girder structure can guarantee the safety and decrease the weight of the structure simultaneously. However, due to the complicated working condition and the geometrical and nonlinear characteristic of the structure, the passive verification method of strength and stiffness are normally concerned (Du Xuewu, 2005) . The structure optimization, replacing the passive check method by initiative designing the structure scheme and initial section size, can obtain the best result from all of the possible schemes (Fei Jinggao, 2002) .
Through analyzing the structure and load feature of track crane girder, the gravity, inertia force and wind loading are considered to establish the optimal design model of the girder. The girder maximum or minimum problem under structure stiffness, strength and stability constraint condition could be transformed into extremum problem under no constraint condition, and then the optimal design result of the girder geometrical parameters are obtained. The corresponding results can provide valuable references to sufficiently utilize the bearing capability of the components and control the structure weight.
STRUCTURE CHARACTERISTICS OF THE TRACK CRANE GIRDER
As the primary bearing component, girder sustains the working load directly and has high demands for strength, stability and least possible weight. Boxtype double bridge frame, easily manufactured and highly optimized for general use, is the widely used structure type. Whereas it also has some drawbacks such as high weight, easy bend of the girder and low horizontal stiffness ) (He Fei, 2009 . Consequently, it is essential to optimally design the girder to decrease the structure weight and meet the use requirement simultaneously. The external load of girder mainly includes deadweight, inertia force and wind load (Han Yanli, 2011) . Dead weight could be calculated as follow:
Where m is the mass of the component and g is the acceleration of gravity.
Inertia force is calculated by the mechanical acceleration of the additional motion:
Where a is the acceleration of the component. Wind load p1 is obtained according to standard (Li Weizhong, 2013 ABSTRACT: Based on mechanical analysis of main beam structure in track hanging, the design optimization problem of weight of the girder structure was transformed into solution of optimal parameters values under mechanical constraints optimal parameters. Adopting structure geometry value as input parameters, structural strength, stiffness, stability as response parameters, a mathematical optimization model was established based on the order algorithm. Optimization results of the main beam were obtained by finite element numerical calculation. The results show that this new design method can reduce the weight of the main beam, improve the efficient use of materials. KEYWORD: order algorithm; FEM analysis; crane structure; optimal design 4th International Conference on Mechanical Materials and Manufacturing Engineering (MMME 2016) Where s v is the wind speed, A is the windward area and  is the angle between component orientation and wind direction.
OPTIMAL DESIGN METHOD OF THE TRACK CRANE GIRDER

Mechanical model for optimal design of the track crane girder structure
In this paper, the girder overall strength, stiffness and stability are used as the constraint function and geometrical size parameter as the design variables, then the optimal girder geometrical size could be obtained by the multi-variable optimal analysis. Ultimately, the girder weight decreases to improve material use efficiency. The corresponding section model of track crane girder is shown in Fig.1 and Fgi. 2, of which the design variables could be indicated by a set of mutual independent parameters:
Where H and B are the girder height and width, respectively; 1 T and 2 T are the width of the top and bottom plate; 3 T and 4 T are the left and right web plate thickness.
In the case of fixed girder span, weight of girder is proportional to sectional area. Consequently, the sectional area is conformed as the aim function. According to the track crane design standard (He Fei, 2009) , the constraint condition of girder is that the maximum stress should be less than the allowable stress:
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Where    is the allowable stress of the struc- The constraint condition of the girder stiffness is that the deflection in the middle of the girder
L is determined as the optimal design constraint condition of the girder.
The girder stability constraint condition is that the optimized buckling eigenvalue should be less than original one, namely,
where,λ0 is the buckling eigenvalue before optimizing.
Combining the aim function and constraint condition, the equation set we could obtain is as follow:
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From the solution of the equation (9), the engineering problem can be converted to the optimal solution problem under mechanical constraint condition.
Optimal method based on the order algorithm
In this paper, the order algorithm (Qin Dongchen et al, 2010) (Tao Yuanfang et al, 2012) (Yu Lanfeng, 1996) (Zhao Xiaowei et al, 2012 ) is employed to solve the optimal solution problem under above mechanical constraint conditions. Based on the sampling statistical analysis, the order algorithm could find the optimal solution by fitting the response function of the design variable, state variable and aim function.
In the minimum problem presented by equation (9), design variable could be determined as follows:
Where , i i x x is the upper and lower boundary of i x . The equation (11) and (12) could be selected as the constraint condition and aim function, respectively.
Where  is a small parameter.
The square fitting method is usually method in engineering problems, thus the fitting equation of equation (11) and (12) On the basis of equation (11) to (13), constraint minimum problem could be rewritten in following form: 
where, i x is the design variable and 0 f is the reference value of the aim function; k p is the response surface parameter, and X is the penalty function for imposing on the variable constraint, while G, H, W are the penalty functions of the state variable constraint. The penalty function is shown in equation (16). 
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Where , (14) to (16), the optimal solution of the unrestraint minimum aim function could be obtained by finite element method.
RESULT AND DISCUSSION
The finite element method is used to calculate design variable values of the extremal problem for corresponding track crane girder structure; and the calculation results are shown in Table 1 to 2. Table 1 shows the maximum stress, maximum deformation and buckling eigenvalue of the original and deformed girder structure. It is can be seen from Table 1 that in the original and optimized girder structure, the positions of maximum equivalent stress are both in the constraint region of the outrigger, and differ only by 4.96%. The maximum displacement deformation of the original and optimized girder structure present at middle of the bottom flange plate, differing by 5.74%. Both the maximum equivalent stress and displacement of optimized girder structure meet the requirement of design standard. The bucking eigenvalue of optimized girder structure reduces, indicating that overall and local stability is better than before. Table 2 gives the geometrical parameter calculation results of the optimized structure. The geometrical parameters of the optimized components decrease the structure weight under the constraints condition of the strength, stiffness and stability. The thickness of top and bottom plate, height and width of girder decrease by approximately 7~8%, and the weight of girder decrease by 20.3%.
CONCLUSION
In this paper, the extremal problem under mechanical constraint condition is transformed to unconditional extremal problem by order algorithm, and the geometrical parameters of track crane girder are optimized to decrease the weight of the girder by 20%. The main conclusions are as follows:
(1) Through the optimal calculation, the weight of girder structure decreases by approximately 20.28% when the strength, stiffness and stability meet the requirements. Compared with the original structure, the thickness plate, width and height of the girder decrease by approximately 8%, which improves the material use ratio.
(2) Based on the mechanical model, FEM calculation and optimal design, the bearing capability of the structure components can be rationally utilized to control the structure weight, to achieve lean manufacturing and promote the beneficial efficiency in enterprises on the premise of meeting structure safety and rationally design.
